To study transient tissue specific linalool emission and to examine its fate, plastid targeted dual linalool/nerolidol synthase (FaNES1) was introduced into Nicotiana benthamiana leaves under LTP1, SUC2, RbcS and CaMV35 promoters. Tissue specificity of the promoters was tested with β-glucuronidase (GUS) reporter gene. Promoter::GUS/FaNES1 fusion was confirmed with colony PCR and agro-infiltrated into six weeks old N. benthamiana leaves. Eight days post inoculation (dpi), promoter::GUS constructs were examined with GUS histochemical staining at 1.5 h, 3.5 h, 5.5 h and 16 h incubation times. After 4/8 days, FaNES1 construct agro-inoculated leaves were assessed for linalool emissions and its conjugates using a dynamic headspace system and LC-MS, respectively. There was high affinity of promoters to their respective cell-types although it was not as specific as in stable transformation. This is possibly due to activations of many copies of transiently introduced promotes by few transcription factors of the respective promoter that naturally exist in untargeted cell-types. GUS staining intensity was stronger in leaf veins and injured sites compared to other plant tissues under all heterologous promoters, and it was gradually increased with increase in incubation times that could be explained by promoters wounding responses and/ or GUS leakage to unstained sites. Linalool emission was obtained in the same pattern under all promoters; it was higher at day 4 than day 8. Its concentration declined 44, 12, 4.5 and 4 folds at 8 dpi under LTP1, SUC2, RbcS and CaMV35S promoters, respectively. Conversely, linalool conjugates were significantly increased at day 8. These might be due to T-DNA degradations and/or protein modifications 4 dpi. LTP1 promoter was the least efficient to drive both GUS and FaNES1 possibly due to immature plastids in epidermal cells and/or its weak performance. Hence, to study FaNES1 activity in transient assay it is suggested to use relatively shorter duration and longer inoculation times for linalool and its conjugates, respectively.
Materials and Methods

Genetic Materials
Four heterologous promoters were fused to FaNES1 gene or GUS reporter gene for sub-cellular localization study of linalool in transient assay. The promoters include three Arabidopsis thaliana tissue specific promoters (epidermis, LTP1; mesophyll, pAtRbcS and phloem, SUC2) and one constitutive CaMV35S promoter as a positive control (Figure 1) . The expression cassettes were at different molecular levels when this study has started. LTP1::FaNES1 and CaMV35S::FaNES1 expression cassettes were in Agrobacterium which were ready for agro-infiltration. LTP1::GUS, SUC2::GUS, and SUC2::FaNES1 in a binary vector in DH5α that were transformed to AGL0 [8] and CaMV35S::GUS set was in entry vector which was sub-cloned to a binary vector and then transformed to Agrobacterium. pAtRbcS::FaNES1 and pAtRbcS::GUS were cloned into entry vector and transformed to Agrobacterium as described below. Both GUS and FaNES1 constructs contain a plastid targeting signal, FvNES1 (Fragaria vesca Nerolidol Synthase1), (288 bp) that derived from a wild strawberry [5] and a rubisco terminator (20 bp) . Chrysanthemum rubisco promoter (pCmRbcS) and CER6 promoters fused to GUS reporter gene were also included to test their specificity to mesophyll and epidermal cell types, respectively. And their activities were compared with their counterpart pAtRbcS and LTP1 promoters.
Cloning Arabidopsis thaliana Rubisco Promoter
For mesophyll tissue specific expression of a GUS reporter gene and a linalool synthase (FaNES1), Arabidopsis thaliana rubisco promoter (pAtRbcS) was cloned to pIVA1-2.4 (GUS reporter gene containing vector) and pIV1A-1.4 (FaNES1 harboring vectors). The Impact Vectors and the remaining constructs (LTP1::GUS, LTP1:: FaNES1, CER6::GUS, CER6::FaNES1, SUC2::GUS, SUC2::FaNES1, CaMV35S::GUS and CaMV35S::FaNES1) were generously provided by Dr. Maurice Henquet maurice.henquet@wur.nl. AtRbcS promoter was amplified from Arabidopsis thaliana genomic DNA (TAIR) http://www.arabidopsis.org/, and the PCR was performed with a Perkin-Elmer GeneAmp PCR system 9600 thermocycler in 50 µl reaction volumes containing 5 ng template DNA, 10 mM dNTP, 10 mM pAtRbcS forward primer (5'AAGGCGCGCCCTTTACCCTAACTACTCCTTT-CTCAG, Tm:62.8˚C), 10 mM pAtRbcS reverse primer (3'GCCTAGGGTTGTTTCTCTTCTTCTTTTGGT, Tm:62.3˚C), 1 unit Phusion ® Hot start II DNA polymerase and 5× phusion ® HF buffer. PCR thermocycling conditions were performed based on guidelines in Phusion ® Hot Start High-Fidality DNA Polymerase (New England BioLabs, UK). To facilitate cloning, AscI and AvrII restriction sites were incorporated to forward and reverse primers, respectively. Digestion of both vector and amplicon was performed with the same restriction enzymes (AscI and AvrII) for 2 h at 37˚C, and 40 μl digestion aliquots were applied to 1% agarose/ethidium bromide gel. The digested products were cut from the gel and purified by PCR clean up Gel extraction NucleoSpin ® Extract II kit.
Cloning pAtRbcS into Impact Vector
The ligation reaction was made in 3:1 ratio molar excess of insert to vector: 54 ng pAtRbcS to 18 ng pIV1A-2.4 and 45 ng pAtRbcS to 15 ng pIV1A-1.4. DNA concentration for ligation reaction was calculated online by ligation calculator (http://www.insilico.uniduesseldorf.de/LigInput.html). Both pAtRbcS::GUS and AtRbcS::FaNES1 ligation products were then transformed to DH5α competent cells by a heat shock. The transformed bacteria were cultured on a selective LB medium (20 mg/ml gentamycin) and were grown overnight in a rotary shaker (250 rotation•min −1 (rpm)) at 37˚C. Positive clones were screened by colony PCR and the recombination was confirmed by DNA sequencing. Finally, a single positive colony was grown overnight in a selective LB medium for recombinant plasmid DNA purification.
Double stranded 500 ng plasmid DNAs were used as a template for a sequencing PCR and it was performed by dideoxy chain termination method [9] . The sequencing reaction was resolved on Greenomics automated sequencer (Wageningen UR, The Netherland). The sequence comparisons were made by using electronic BLAST servers of National Centre for Biotechnology Information (NCBI).
Cloning pAtRbcS into Destination Vector (pBIN)
The entire expression cassettes of pAtRbcS::GUS and pAtRbcS::FaNES1 were thereafter cloned into pBIN binary vector by gateway technology (Invitrogen) and transformed to DH5α competent cells by a heat shock (NEB, UK). Briefly, DNA miniprep of each cloned promoter was chosen as an entry clone. Aliquots of 150 ng miniprep DNAs were incubated with 150 ng pBIN binary vector (linearized with kanamycin resistance-ccdB region) in 10 µl reactions containing 2 µl of LR clonase TM II enzyme mix. The reactions were incubated overnight at room temperature. Then, proteinase K (2 µg in 1 µl) was added and kept at 37˚C for 10 min to stop reaction. Three micro litre of each reaction was transformed to DH5α competent cells and plated on 100 mg/ml kanamycin LB medium overnight at 37˚C. Miniprep DNAs of the resulting expression clones were prepared from each reaction, and 1 µl aliquots (about 80 ng DNA) were transformed to AGL0 competent cells [8] .
Agrobacterium Transformation
Agrobacterium transformation method was adopted from previous study as described by [10] . AGL0 [8] competent cells were prepared according to [11] and their growth was optimized by culturing on a YEP medium (Bacto-Trypton, 10 g/l; yeast extract, 10 g/l, NaCl, 5 g/l; pH 7). The recombinant binary vectors were introduced into Agrobacterium by electroporation as illustrated by [12] . Transformed cells were diluted in antibiotics free 1 ml YEP medium and incubated with shaking for 1 h. After recovery, 1 h in a YEP medium with 250 rpm, the cells were centrifuged at 3500 rpm for 5 min and half of the supernatant was discarded. The pellet was re-suspended in the remaining solution and 20 µl of the collected cells were grown at 28˚C for 2 days on a YEP selective medium (50 mg/ml rifampicin and 50 mg/ml kanamycin).
Transformation of binary vectors to A. tumefaciens and fusion of the promoters to FaNES1gene or GUS reporter gene were confirmed by colony PCR prior to agro-infiltrations. Primers for colony PCR were designed based on sequences of the promoters (forward primers) and FaNES1/GUS (reverse primers) with Primer3Plus software.
Agrobacterium Infiltration and Transient Expression System
Agrobacterium mediated transient expression was performed as previously described by [10] . Three hundred micro litre overnight grew culture of transformed A. tumefaciens was used for inoculation of 10 ml LB broth medium supplemented with 50 mg/ml kanamycin and 50 mg/ml rifampicin. The culture was grown overnight at 28˚C, and cells were precipitated at 3600 rpm for 20 min and re-suspended to 0.5 nm optical density within infiltration buffer containing 10 mM MgCl 2 , 10 mM MES and 100 mM acetosyringone.
Six weeks old wild-type N. benthamiana, grown under standard greenhouse conditions, was used for agroinfiltrations. The 5 th and 6 th top leaves of a plant, for each set of constructs, were screened and infiltrated as previously described by [12] [13] . The experiment was repeated three times in four biological replicates for 4 days and 8 days time periods.
The leaves were agro-infiltrated with a binary vector harbouring promoter::GUS/FaNES1 expression cassettes mixed with a binary vector cell suspension containing p19 (silencing suppressor) in a 1:1 ratio (v/v). The combined culture suspensions were incubated at room temperature for 3 h on a horizontal shaker with 50 rpm prior to agro-infiltration.
Histochemical GUS Assay and Microscopy
Agro-infiltrated leaf discs were manually produced by a cork borer and immediately immersed in fixation buffer containing 0.1 M NaHPO 4 (pH, 7), 0.1% formaldehyde, 0.1% Triton X-100 and 0.1% β-mercaptoethanol in 24-well micro litre plate and vacuum infiltrated for 10 min. Fixing buffer was removed after 5 min incubation at room temperature and washed twice with 0.1 M NaHPO 4 (pH, 7) washing buffer. Washing buffer was replaced by staining solution (0.1 M NaHPO 4 , pH 7; 10 mM EDTA, pH 7; 0.5 mM K + ferricyanide; 0.5 mM K + ferrocyanide; 1 mg/ml X-Gluc and 0.1% Triton X-100) and vacuum infiltrated for 10 min followed by 1.5 h, 3.5 h, 5.5 h and 16 h incubation times at 37˚C. Chlorophyll was removed by incubating the leaf discs in 50% and 75% ethanol (15 min in each) and by washing several times with 95% ethanol until all the chlorophylls was completely removed. Finally, the leaf discs were scanned for blue pixel intensity quantification by ImageJ software ((http://rsb.info.nih.gov/ij/), and the leaf disc cross sections were observed under bright field microscope to ve-rify cell types/tissue specificity of the promoters in transient assay.
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Headspace Analysis
Four/eight days post agro-infiltration, volatiles were sampled from N. benthamiana detached leaves by a dynamic headspace trapping system as previously described by [14] . Briefly, the 5 th and 6 th top agro-infiltrated leaves were harvested and immediately transferred to 10 ml glass vial filled with tape water. The vial was placed in a 1 L glass cuvatte in a climate chamber at 20˚C. The cuvette was closed with a Teflon-lined lid with a Tenax cartridge (140 mm × 4 mm; 150 mg Tenax [20/35 mesh; Alltech, Breda, The Netherlands]) to clean incoming air and a second Tenax cartridge (140 mm × 4 mm) on the outlet to trap the volatiles. Air was pumped by a vacuum pump through the glass cuvette at about 100 mL per min. The volatiles were collected for 1 h between 10:30 -11:30 AM.
The volatiles trapped in the outlet cartridges were analysed by Thermodesorption GC-MS using a thermal desorber (Unity, Markes International Limited) and a Trace GC Ultra (Thermo Electron Corporation) coupled with a DSQ mass spectrometer (Thermo Electron Corporation) as previously illustrated by [14] .
LC-MS Analysis
Non-volatile compounds were analyzed using a protocol for untargeted metabolomics of plant tissues as previously described by [15] . Priestly, 4/8 dpi N. benthamiana leaves were harvested, frozen and ground in liquid nitrogen to fine powders. From each ground plant materials, 100 mg was subjected to 300 µl methanol: formic acid (1000:1, v/v) solvent extraction. The extracts were prepared by brief vortexing and sonication for 15 min, centrifuged and filtered through 0.2 µm inorganic membrane filters (RC4, Sartorius, Germany). LC-PDA-MS analysis was performed using a Waters Alliance 2795 HPLC connected to a Waters 2996 PDA detector and subsequently a QTOF Ultima V4.00.00 mass spectrometer (Waters, MS technologies, UK) operating in negative ionization mode. The employed analytical column (2.0 mm × 150 mm; Phenomenex, USA) was attached to C18 pre column (2.0 mm × 4 mm; Phenomenex, USA).
LC-MS data were obtained using MassLynx 4.0 (Waters) and were processed using MetAlign version 1.0 (www.metAlign.nl) for baseline correction, noise elimination and for subsequent spectral data alignment [15] . The obtained data were analyzed by Statistical Package for Social Science (SPSS) version 17 software to determine mean and percentage. Least significant differences (LSD) of mean separations at 5% confidence interval and correlation coefficients were analyzed by student's t-test.
Results
Tissue Specificity of Promoters in Agrobacterium tumefaciens Transient Assay (ATTA)
Heterogonous promoter::GUS constructs agro-infiltrated leaves were harvested 8 dpi and assayed for GUS expression during 1.5 h, 3.5 h, 5.5 h and 16 h incubation times. There was similarity in GUS staining pattern showing a very intense coloration at wounded margins under CER6, pAtRbcS, pCmRbcS, CaMV35S and SUC2 promoters (Figure 2) . Veins staining had a comparable intensity under all employed promoters and it was steadily increased with increase in incubation time. On the other hand, the entire leaf discs were less stained in comparison with their counterpart leaves stain (Figure 2 leaf discs stain and Figure 3 (a) counterpart leaves stain). There were also slight differences in GUS staining intensity between similar tissue specific promoters, LTP1 and CER6. The GUS activity revealed that wounded site of leaf discs showed deeper staining under CaMV35S, pAtRbcS and pCmRbcS compared to LTP1, CER6 and SUC2. Under SUC2, the entire leaf disc staining intensity was relatively stronger than the other promoters. Hand sections of leaves' midrib histochemical assays (Figure 3(b) ) also showed differences in their staining patterns; there was higher stain intensity for SUC2 compared to the rest promoters at this region. pAtRbcS and pCmRbcS exhibit higher GUS activity compared to LTP1 and CER6 which did not cause any GUS expressions in leaf midribs. Moreover, LTP1 showed faint coloration in all incubation durations, and empty vector (pBIN) did not show any visible stains. Intensity of blue colors was consistent in the time courses to quantitatively estimate GUS activity driven by different promoters. pAtRbcS was the strongest to drive GUS gene followed by CaMV35S, pCmRbcS and SUC2 in the same order during 3.5 h, 5.5 h and 16 h incubation times. However, there was slight difference in pixel color intensity at 1.5 h in which GUS under pCmRbcS showed relatively higher color intensity than pAtRbcS and CaMV35S promoters. GUS gene expression directed by LTP1 promoter had a comparable intensity with GUS gene driven by CER6 promoter, and it showed the least blue color intensity compared to the rest used promoters (Figure 4(a) ). Saturation of GUS staining was assessed to determine the relative expression and protein stability under different promoters (Figure 4(b) ). From 1.5 h to 3.5 h incubation times, GUS activity was steadily increased under all promoters. It attained saturation under LTP1 and SUC2 at 5.5 h incubation time. Thus, 3.5 h was the rational incubation time to compare expression and stability of GUS protein under these promoters. GUS expression driven by pAtRbcS, pCmRbcS, CER6 and CaMV35S promoters were progressively increased with increase in incubation times that agrees with the quantified blue colors. Under these promoters, the result showed that GUS proteins were not totally covered by staining solution even at the longest incubation time, 16 h. But, GUS protein was saturated under LTP1 and SUC2 promoters at 5.5 h and gradually degraded under LTP1. No GUS staining was observed from empty vector (pBIN) during all the incubation times under all the employed promoters.
Linalool Emissions from FaNES1 Agro-Infiltrated N. benthamiana Leaves
Volatiles from N. benthamiana detached leaves were sampled by a dynamic headspace trapping system and analysed by GC-MS 4/8 dpi. The result of the headspace analysis showed that linalool was emitted with all the expression cassettes (LTP1::FaNES1, pAtRbcS::FaNES1, SUC2::FaNES1 and CaMV35S::FaNES1) with significant differences in linalool concentration and with inoculation time courses (4/8 dpi) (Figure 5(a) ). CaMV35S:: FaNES1construct emitted the highest linalool level followed by pAtRbcS and SUC2 driven promoters, respectively. The lowest result was obtained from LTP1::FANES1 construct. Trace amount of linalool was also observed from empty vector which was comparable with LTP1::FaNES1 at 8 dpi emissions. On the other hand, linalool emission was followed the same production pattern under all the employed promoters during day 4 and day 8 inoculation time periods. i.e., linalool emission was higher at day 4 compared to day 8. And no linalool emission differences were observed at day 4 and day 8 from empty vector (pBIN).
LC-MS/MS Identification of the Most Distinct New Compound from FaNES1
Agro-Infiltrated Leaves Figure 6 ). Intensity differences of the novel compounds at 4 dpi and 8 dpi were quantified and the multivariate analysis result showed that the expression intensity was significantly increased (p < 0.05) at day 8 compared to day 4. Their relative mass abundance followed the same pattern during day 4 and day 8; it was higher at 8 dpi than 4 dpi (Figure 5(b) ). Note: Since no m/z signals were detected from LTP1::FaNES1 and pBIN at both 4 dpi and 8 dpi, these constructs were not included in this table for m/z intensity comparisons. Peak intensity is the mean of four agro-infiltrated leaves. The masses were detected in negative mode of LC-QTOF-MS; Ret(min), retation time in minute; ID, identification; ND, not detected.
Discussion and Conclusion
Tissue Specificity of Promoters in Transient Assay
The aims of this study were to transiently produce linalool in N. benthamiana leaves and to investigate the fate of linalool in different cell types. To attain these goals, tissue specific epidermal (LTP1), mesophyll (RbcS) and phloem (SUC2) promoters were fused to GUS reporter gene and their tissue specificity, in ATTA, were examined. GUS is one of the most stable reporter genes for expression studies [16] . These promoters were selected as their cell type specificity has already been confirmed and successfully used in sub-cellular localization studies in stable transformation [17] [18]. GUS expression pattern was similar under the employed promoters with slightly different in staining intensities. It was darkly stained under pCmRbcS, pAtRbcS and CaMV35S promoters around injured sites of the leaf discs, and it was relatively less stained under LTP1, CER6 and SUC2 promoters at damaged areas. These could be due to wounding responses of mesophyll tissue specific and constitutive promoters. The wounding responses was consistent with [19] findings in which GUS was deposited at cut ends of fresh sample from leaves and stem tissues under these promoters. There was extremely higher GUS stain deposition under SUC2 promoter in leaf midrib cross-sections compared to other promoters. Preferentially, GUS accumulation under SUC2 was in veins indicating higher tendency of SUC2 promoter to phloem tissues. GUS protein was predominately accumulated in mesophyll cell under pCmRbcS and pAtRbcS. Under epidermal promoters, GUS expression was hardly detected both in phloem and mesophyll cell types (Figure 2) . Overall, there was high affinity of promoters to their respective cell types though it was not as specific as in stable transformation. The most likely reason is the activa- tions of many copies of the promoter, transiently introduced to leaves, by a few transcription factors of the corresponding promoter that naturally exist in untargeted cell types.
Under all employed promoters, relatively GUS staining intensity was stronger in veins than other plant tissues that gradually increased with increase in incubation times. This similarity might be partly explained by GUS leakage to unstained site. Strong GUS gene expression and prolonged incubation time causes outflow of GUS product and colorations to the neighboring cells/tissues [16] [20]- [22] . Reference [23] also reported ferrocyanide reagent in GUS staining solution causes more diffused GUS proteins in GUS histochemical staining assays.
Rubisco promoter is a strong tissue specific, light regulated and chlorophyll a/b binding protein promoter [24] and CaMV35S promoter is the constitutive plant virus origin that widely used in transgenic plant expression. With respect to efficiency, pAtRbcS promoter was found to be the strongest to direct GUS expression followed by CaMV35S and SUC2 in the same order. As the assay was made 8 dpi, increase in leaf ages could be a reason for less efficiency of CaMV35S promoter compare to pAtRbcS promoter. GUS expression under CaMV35S promoter is relatively lower in matured leaves than younger leaves in stable transformation [25] . On the other hand, GUS activity under CaMV35S promoter was slightly higher than CmRbcS promoter which contradicts with [26] report that CmRbcS promoter was 7 and 17 folds higher than CaMV35S promoter expressing GUS in tobacco and chrysanthemum, respectively. Reference [6] also reported that CmRbcS promoter was 10 times more efficient than CaMV35S promoter by over-expressing FaNES1 in transgenic potato. LTP1 promoter was the least efficient to drive GUS in this transient assay which agrees with [27] report that LTP1 promoter directed GUS required longer incubation time even to detect a signal in thin sections.
Linalool Emission under Different Promoters
FaNES1, from strawberry [5] , was transiently transformed to N. benthamiana leaves to express linalool under different promoters. The expression cassette contains plastid targeted signal [6] , and the time selected for a dynamic headspace trapping system was from 10:30-11:30 AM (morning) as the highest monoterpenes emissions have been reported during this time [5] [28] .
Over-expressed terpene synthase in Clarkia stored various linalool levels and linalool conjugates in different organs, and it was reported that linalool biosynthesis depends more on the availability of GPP substrate than linalool synthase [4] [29] . In this study, it was expected higher or at least the same linalool level emission at 8 dpi assay compared to 4 dpi since the GPP substrate supposedly the same for both time courses. However, our result showed extremely lower linalool emission at day 8 compared to day 4. Its emission decreased 44, 12, 4.5 and 4 folds at day 8 under LTP1, SUC2, RbcS and CaMV35S promoters, respectively (Figure 5(a) ). The most likely reason is the degradation of T-DNA at 8 dpi. Low level and drop-off expression from T-DNA 5 dpi was stated as one of the limitations in transient expression assay [30] . T-DNA transiently introduced to a plant immediately transported to nucleus, transcribed and then inactivate by modification or degradation [31] . It might be also partly explained by protein instability and/or linalool conjugation to other compounds. Most plant species conjugate linalool to other compounds and transport from site of synthesis to other plant tissues to reduce auto toxicity [32] . Reference [4] also reported linalool plant tissue content is affected with the availability of the GPP substrate, storage in the tissue, emission, conjugation, degradation and transportation. The least linalool emission was obtained from LTP1::FaNES1 which could be due to immature plastids in the epidermal cell types. Leaf epidermal cells generally have smaller, immature and a few numbers of chloroplasts compared to mesophyll and phloem chloroplasts [33] .
Trace amount of linalool was also obtained from empty vector which was emitted by endogenous terpene synthase from host plant. Reference [28] reported low linalool level from wild type leaves in their study (S)-linalool synthase functional characterization from Kiwifruit. Over-expressed terpene synthase in tobacco [4] , potato [6] and Arabidopsis [7] produced low level linalool from their counterpart wild types by endogenous terpene synthase.
Regarding phenotype, there was no visible damage on the targeted host plant although other reports showed adverse effects on plant health by over-expressing terpene synthase in plants: Arabidopsis, growth retardation [5] ; potato, leaves bleaching and growth retardation [6] and tomato, fruit failure to develop normal red color [7] . Our result agrees with the study of [14] in which maize plants grew normally by LdGES over-expression. This is possibly due to GPP substrate is sufficiently available in the plastid to support both endogenous terpene synthase and agro-inoculated FaNES1, and/or plastid endogenous terpene synthase is very low to compete with FaNES1 for GPP substrates. This gives clue to study GPP substrates contents and endogenous terpene synthase level in N. benthamiana to use ATTA as means to study linalool synthase from other plant sources.
Fate of Linalool from FaNES1 under Heterologous Promoters in Transient Assay
Over-expressed linalool synthases in plants do not produce only linalool, but also linalool derivates. The targeted plant endogenous enzymes such as glycosyltrasferase [4] , P450, hydrogenase, reductase, oxidase and cyclase [28] conjugate linalool to other linalool derived compounds. In addition to linalool, FaNES1 gene introduced to Arabidopsis [5] and potato [6] under CaMV35S and chrysanthemum rubisco promoters produced and emitted E-8-hydroxy linalool, 8-hydroxy linalool, E-8-hydroxy-6,7-dihydrolinalool and glycosides as well. Linalool synthase over-expressed in petunia produced linalool and linalyl-β-D glucopyranoside [4] . Reference [29] also reported linalool and linalool oxide production in transgenic carnation flowers expressing Clarkia breweri linalool synthase. Thus, the fate of linalool was analyzed, and two significantly increased masses (801.35 and 803.36) were detected under RbcS, SUC2 and CaMV35S promoters at 4/8 dpi. These m/z signals were not detectable under LTP1 promoter and empty vector. The LC-MS/MS fragmentations of m/z 803.36 were putatively identified as linalool conjugates (linayl-acetyl-β-D glucopyranoside, hydroxylinayl-β-D glucopyranoside and linayl-acetyl-β-D glucopyranoside-formate) (Figure 6 ) with slight differences from [4] [5] studies. This differences might be due to differences in methods employed to transform the targated plants. Hence, it is possible to identify novel compounds by applying non-targeted LC-MS to study any changes in metabolite profiles by transiently expressing terpene synthases in plant.
There was a significant relative mass abundance difference between day 4 and day 8 for m/z 803.36 from RbcS::FaNES1, SUC2::FaNES1 and CaMV35S::FaNES1 constructs which may be due to transcript accumulations and/or protein modifications overtime. Linalool was depleted under all promoters during day 8 agro-in-oculation. Conversely, LC-MS/MS which putatively identified linalool conjugates (Table 1, Figure 5) were progressively increased at day 8 compared to day 4. This shows that there was conjugation of linalool to other compounds. There were also significant intensity differences between day 4 and day 8 for m/z 803.36 MS-MS fragments that increased 1.2 (331.15) to 8 folds (357.18) at 8 dpi under Rbcs and CaMV35S promoters, respectively. Similar expression pattern of LTP1::FaNES1with a control (pBIN) for 803.36 m/z signal might be due to immature plastids in epidermal cells and/or less LTP1 promoter efficiency as discussed above.
Linalool and its derivatives have a positive correlation with the duration of the assay. Linalool emission was higher during shorter time period (4 dpi) and was lower during longer time course (8 dpi). This expression pattern was opposite for linalool conjugated compounds. Hence, to study FaNES1 in transient assay it is suggested to use relatively shorter time and longer duration for linalool and linalool conjugates, respectively.
